Handling of 24Na+ and 42K+. Spectroscopically pure 24Na2CO3 and 42K2CO3 were supplied by the Atomic Energy Research Establishment, Harwell, and neutralized with HCI; enough was added to give samples of the medium with about 6000 counts/min. The tracer amounts of 24Na+ and 42K+ added in this way did not appreciably change the concentrations of Na+ or K+ in the medium. The radioactivity of medium and tissue was measured in an M. 6 liquid counter (Veall, 1948) and corrections were made for isotope decay, dead time and background counts. 24Na+ was measured in solutions prepared by diluting 005 ml. of medium and 2-0 ml. of the acid digest of the tissue to 10 ml.
with 090% (w/v) NaCl solution. 42K+ was measured in solutions prepared by diluting 1 0 ml. of medium and 2-0 ml. of the acid digest of the tissue to 10 ml. with 0-1 N-KCI solution.
RESULTS
Exchange of the sodium of kidney-cortex slices on incubation in vitro Non-steady-state exchanges. Steady-state exchanges. After a preliminary incubation period of about 35 min., when the sodium content of the tissue had become approximately steady, the slices were placed in saline containing radioactive sodium. The uptake of this ion by the tissue during the following few minutes in aerobic conditions at 370 is shown in Fig. 1 , and in anaerobic conditions at 370 and 00 in Fig. 2 . There was in each case a rapid initial increase in the percentage exchange, but after about 1 min. the rate of increase became much slower.
The formula of Krebs et al. (1951) for the calculation of the steady-state turnover of material in a two-component system is applicable to the measurement of turnover-rates of the intracellular sodium only when a correction of the experimental measurements can be made for the amount of extracellular sodium present in the tissue. Since this amount was not known precisely, an alternative approach has been made to interpret the results. Table 2 . Steady-state turnover-rates of 24Na' in guinea pig kidney-cortex slices during incubation (Tissue (0-1-0 2 g.) incubated in 2-0 ml. of bicarbonate saline containing 10 mM x-oxoglutarate; pH 7-4; gas phase at 370, 5% C00 and either 95% 0 or 95% Na; gas phase at 00, 2-8% CO and either 97-2 % 0°or 97-2% N2. Vol. 56
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A A cellular sodium and if its concentration was similar to that of the medium, then the space occupied by it would be 48-4 % of the tissue and will be called the 'outer' space of the tissue. This contrasts with the 'inulin' space of kidney-cortex slices of 26% (Robinson, 1950) . It is of interest that the size of the 'outer' space was 40 % of the tissue anaerobically at 370 and only 24-5 % at 00. The remaining 'inner' space therefore contained the amounts of sodium shown in Table 2 and as expected there was least sodium in the 'inner' space of the tissue in aerobic conditions at 370 and most when the energy supply was reduced either by 2:4-dinitrophenol, anoxia or incubation at 00. In this paper 'turnover-rate' means the number of ions exchanging/min./100 ions present; 'exchange-rate' means the ,umoles of ions exchanging/ min./g. tissue. The turnover-rates of the sodium in the 'inner' spaces have been calculated using the formula (problem 1, case 3) of Stewart (1953) . The rates were the same in all the aerobic conditions at 370, despite large differences in the sodium content.
The turnover-rate in anaerobic conditions was 25 % lower than that in aerobic conditions, whilst at 00 the rate was 45 % lower. The exchange-rates (in ,moles/min./g. tissue contained in the 'inner'space) at 370 were approximately proportional to the amount of sodium present. These results mean that at 370 the turnover-rate in the steady-state was largely independent of the amount of sodium in the tissue and hence of the energy supply (cf. Table 6 ).
Exchange of the potassium of kidney-cortex slices on incubation in vitro Non-steady-state exchanges. Under aerobic and anaerobic conditions at 370 there was complete exchange between the potassium of the tissue and the medium (Table 3 ). The potassium was also completely exchangeable in the presence of 2 mM 2:4-dinitrophenol in the medium, or in the absence of substrate. As with sodium, the rate of exchange was more rapid aerobically than anaerobically. In contrast, the potassium content of the tissue was lower anaerobically than aerobically.
Steady-state exchanges at 00. An unexpected result was obtained on aerobic and anaerobic incubation at 00 in medium containing 42K' from the start; about 20 and 40 %, respectively, of the tissue potassium had not exchanged even after 10 hr. The amount of exchange, however, increased with the period of incubation (Fig. 3 ) and was greater aerobically than anaerobically. These facts are in agreement with the assumption that there are two forms of intracellular potassium, one exchanging more rapidly than the other. The potassium content of the tissue did not alter much after the first 2 hr. If this fraction were contained in a space having the same potassium concentration as the medium, the space would be twice the volume of the whole tissue slices. Since this is impossible there must be at least two species of intracellular potassium at 00 in addition to extracellular potassium.
Steady-8tate exchanges at 37°. Preliminary experiments showed that in contrast to the results at 00, all the potassium at 370 behaved as a single species. The tumover-rates were therefore measured according to Krebs et al. (1951) . As at 0°, the extracellular potassium was neglected and this introduced an error of less than 6 %.
In spite of a twofold difference in the amount of potassium present, the turnover-rates under all conditions which were aerobic and at 370 were about the same (Table 5) , whilst under anaerobic conditions the rate was 28 % lower. The similar turnoverrates found with and without 2:4-dinitrophenol are in contrast with the different amounts of potassium in the tissue. Thus, whilst the amount of ion is regulated by the energy supply, the turnover at 370 under aerobic conditions appears to be independent of it.
The 'outer' space of the slices contained sodium exchanging at a rate indistinguishable from that of the sodium in the extracellular space of the tissue. The potassium contents of the 'inner' spaces (Table 5 ) have been calculated on the assumption that this 'outer' space contains potassium also at the same concentration as the medium. These values show that there was a large reduction in the potassium content of the 'inner' space when the supply of energy from respiration was inhibited (with 2:4-dinitrophenol) or abolished (by anoxia).
Effect of oxygen uptake of kidney-cortex 81we8 on the concentration gradient8 of 8odium and potassium Relations between metaboliam and sodium and potassium turnover Table 7 gives the relations between the rate of respiration of kidney-cortex slices and the concomitant rates of exchange of sodium and potassium. The ratio, QCto,,n/Qo2, was higher for respiration with endogenous substrate than with a-oxoglutarate, and much higher than the ratio in the presence of 0-2 mm 2:4-dinitrophenol. However, Tables 2 and 5 show that the turnover-rates of sodium and potassium remained nearly identical in these aerobic conditions. The lowered efficiency in the presence of a-oxoglutarate and 2:4-dinitrophenol is therefore apparently due to increments of respiration (Table 6 ) which do not affect the turnover-rates. Table 6 . Oxygen uptake by guinea pig kidney-cortex 81sce8 (Slices of tissue (approx. 015 g.) placed in 4 ml. of phosphate saline (medium III of Krebs, 1950 , without the addition of organic acids), gassed with 0,. C00 was absorbed by 0-2 ml. 2N-NaOH in the centre well and Qo, was measured with standard Warburg manometers.)
Additions to saline None 10 mM a-oxoglutarate 10 mM oc-oxoglutarate and 0-2 mm 2:4-dinitrophenol 10 mM cm-oxoglutarate None I The effects of oxygen and temperature on the turnover-rates of sodium and potassium are shown in Table 8 . The turnover-rates in aerobic conditions were 30-40% higher than those in anaerobic conditions. The effect of temperature on the slowly exchanging part of the tissue potassium was very large, the increase aerobically being 104-fold and anaerobically 184-fold. it is possible that the steady-state tumover could ging part of the tissue take place without a direct energy supply. Such -hanging part of the a tumover of ions occurs, e.g. between the sodium form of a cation-exchange resin in a neutral, dilute 4104-0* 184-0* solution of sodium salts, in Donnan systems and in ' exchange diffusion' as suggested by Ussing (1949) . An alternative mechanism is that concentration gradients are maintained by 'active', i.e. energyfed transport, which counteracts the effects of 'leakage' (cf. Krebs et al. 1951) .
DISCUSSION
The results presented here of measurements of the uptake of radioactive sodium and potassium ions by isolated slices of guinea pig kidney-cortex in various steady-state conditions have shown that about 75 % of the aerobic turnover-rates of both these cations are apparently independent of respiration, although the maintenance of the physiological concentration gradients of these ions certainly depends on respiration.
The absence of effect of 2:4-dinitrophenol on the aerobic turnover-rates suggests that the effects of respiration are not mediated by high-energy phosphate bonds, whilst Table 8 shows that there is no direct proportionality between respiration and the turnover-rates.
Effects of temperature. At 370 all the potassium was uniformly exchangeable and the most remarkable effect of incubation at 00 was the appearance of a major fraction of intracellular potassium with a very slow turnover-rate. Similar results were found by Harris (1952) who showed that 20 % of the potassium of frog muscle exchanged very slowly at 00, and by Mudge (1952) who found that 40 % of the potassium of rabbit kidney-cortex slices was not exchangeable even after 4 hr. incubation under anaerobic conditions at 250. This effect ofincubation at 00 on the potassium turnover of kidney-cortex slices cannot be directly related to respiration because it also occurred anaerobically.
At 00, however, the sodium in the 'inner' space of the tissue exchanged far faster than the slowly exchanging fraction of the intracellular potassium. It is therefore unlikely that the slowness of this potassium turnover is due to a non-specific decrease in permeability.
Extracelular space of kidney-cortex slices A large fraction of the tissue sodium exchanged at very rapid rates and was indistinguishable from the sodium in the spaces outside the cells. If this sodium is contained in a space with the same sodium concentration as the medium, it would occupy about 50 % of the tissue at 37°. This 'outer' space would be 24-5 % at 00 which compares well with the 'inulin' space of 26 % found by Robinson (1950) .
The high values of the 'outer' space at 370 suggest that the barrier to the exchange of the rest of the sodium is not the outer cell membrane but may lie within the cell. In fact, this barrier may be associated in part with mitochondria which may be concerned in active transport (Bartley & Davies, I954 1952 , 1954 Macfarlane & Spencer, 1953; Spector, 1953; Stanbury & Mudge, 1953) . At 00, with muchreduced metabolism, the rapidly exchanging fraction of the tissue sodium is the same as the 'inulin' space. It may be that the apparent extracellular space of other tissues is also affected by metabolism and the method of measurement. This means that sodium exchanged as at least two fractions and that both the relative amounts and the turnover-rates of the fast and slow fractions of tissue sodium changed with temperature and rate of respiration.
2. The rapidly exchanging tissue sodium apparently occupied an 'outer' space of about 50 % of the tissue volume at 370 and 25% at 00. 
